$ "BB" 
5,597 8.48 
+44 Fe ts 


TxLpbcorss; x tho eSEcToORs, and 
8 Which are che 
this DISCOVERY, boch at, 


Ivering, while Jupiter is to be any where 
. _— Y Tb et nf Confuncrions:. 
[ate alcfed for the DISS yr of the LON ITU DE, 


by Act of Potions 6 che | we 
LONGITUDE at rows 


the 
3 


Sa PET ION" 


To the Honours LE the 


COMMISSIONERS 
_ -- © "APPOINTED by 
ACTof PARLIAMENT 


FOR THE ; 
D 1 8 0 x” 26h. E 13 Y 
„„ 
LONGITUDE at SEA, 
e 
DISCOVERY. | 
OF THAT 


LONGITUDE. 
Now, at ng; we rendered practicable at ra, 
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Tr 


5 7 B R lt that "I been prope. 
fed o the Publick ſince the A 


of Parliament paſs d, rwenty- 
* years ago, for providing a Re- 
ward to 'any who ſhould find out @ 
 prafticable method for Diſcovering the 
Longitude at Sea, I believe it does at 
length appear, that none of them have 
fo well deſerved the attention of the 
curious, and particularly of the Honour 
able the Commiſſio oners appointed for 
that purpoſe, as Mr. Harriſon's ar- 
I - temps 


3 E F AC E. 

tempt for making ſuch a Clock as oy 
£2 true on ſhipboard ; and Mr. Whi- 
fon” s attempt for producing fach Re- 
fracting and Reflecting | Teleſcopes 4s 
may ſhew the Eclipſes, Occultations, 
and Conjunctions of Japiter s;Planets; 
and the Oecultations of fixed Stars ty 
_ the Moon there. Which laſt mention- 
ed method includes the uſe of two New 
Inflruments, called the Longitude 8e- 
Rots, nom firſt propoſed by Mr. Whi- 
ſton, ar well as of Mr. Barſton's Qua- 
drant. Which Quadrant, . alths' it 

were at firſt intended by. the. Author 


for taking the Latitude, in which caſe 7 


it bas met with great Approbation * 
yet does it morequer ſeem to be the beſt 
Inſtrument hitherio known for per frki- 
ing ibe Diſcovery of the Longitude 
alſo,' whenever neither the riſing nur 
ſetting, of the Suns Moon, or Stars can 
oy CO OT 


PREFACE 


| Be feen a Sea: which is à cafe Bur 
ton Common there alſo. Fur as ibis In- 
NArument is known” to take: the Altitude 
of the heavenly bodies much-better am 
quicker, even at Sea, than any other; 
fo is that altitude, when the Horizon is 
not to be ſeen, zhe beſt means of know- 
ing the time at the Ship. Without 
which Knowledge, all Clocks, or Obſer- 
vations of Pn 5 F or ef the 

1 be to no Sh. as to | the Dip | 
m_— of the 0 there. | : 


In order 10 FR pi which 
methith by Jupiter's Planers, and by 
the Occultation of fixed Stars by the _ 
Moon; the Author, Mr. Whiſton, . 
fers theſe XXXIV Lemmata, or Prepa- 
ratory Propoſitions; and the following 
XI Problemata : immediately including 
35 — 


ans; for greater perſpicutty, 


be Longitude 
that in the exact way of the Geometrict- 
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2 — * center, eit ted by 1 
ameters of Jupiters Body, and their 
| n are theſe chat follow: % 
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2 The Loncitups diſcover d 


VN. B. Their old meaſures, derived from 
Tefs accurate Obfervations, vere. determined (0 


be theſe that MEIN : 


5 5 
*g 2 : *. E. s 1 ; 4 80 7 Fil i ; a EIN. .* 
. — 26299 0 


NP ny * not this en 5 he: 1 | 
ect the proporions of, theſe Planets 

| * CE ge tenter N pker; 
but only the quantity of Jupiter S on Dia- 

meter. Which, as it uſed to be ſtated at 400, 
ſo, upon Mr. Pounds ena der Obferva= 
tions, Sir Laac Newton at laſt juſtly ſtates it 
at no more than 37 and thence corrects 
the old numbers, an FI thoſe that are 

more accurate. See His Principia, 3* Edition, 
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The Periodick Months or hs a theſe 
Planets about Tupiter, ith regard to the fixe ed | 
Stans hre chem a6 e lace 
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4 The Loxerr vnn diſcover'd 


The mean Dar e NY" Semidurations of 


the Total Eclipſes of theſe Planets, when they 
are not far remote from their Nodes, and de- 


ſcribe Diameters over Jupiter s hr rang are as 
follows. EL 


Durations 


\ 


The like 8 and Semidurations of 
the fame Planets, while they are under Occul- 
tations by the body of Jupiter, either on this, 
or the other ſide, when they are not far re- 
mote from their Nodes, and deſcribe Diame- 
ters over * body, are as follows. Te 


SY h. 1 8 Mete: or h. 
- (I. 2 18 6 a 
2 55 
N 3 : of Semidu 
N. B. Altho' Abels apparent Dundee on 
this fide Jupiter muſt be ſomewhat ſhorter 
than thoſe beyond him, by paſſing over ſome- 
what larger arcs of their own Orbits during 
their Occultations; yet are their Differences ſo 
ſmall, as hardly to deſerve any r in 


un place. \ A 4 8 3 * ; £ 


Y - x * - 
N - 4 


IS 3+ 


| The Ti of wats 0 pues be | 
they are gradually entring the Penumbra, or 
imperfect hadow of Jupiter s body, or emer- 
ging from it, in 1 5 Eclipſes; as diſtinct 
from their 5 within the total ſhadow 


itſelf, are, by che Obſervations of Mr. Lynn. 


and many ot ers, found to be nearly as follows. 


See Philoſophical: * . 393, 394. 


396, 1 7 and e 82 
0h. 4 
II.. 2 : 20 * 175 
Li) (i | III. 4 33 40 25 4 
. 5 


Only v we muſt Note farther, that the Com 


pariſon: of the Obſervations ſheyrs, that the 


quantities here ſet down admit of a good deal 
of variety; and are at ſome times conſiderably 
_ than at others. „„ 
. 1 9 f * E 
1 VII. Aenne 
he appears ho refore, 7 - number 
der the III“ Lemma, that two Synodick Periods 
of the I“. Planet, are ſhorter Fay one. Syno- 
dick as of the uw by 20. 42". 1 AY VE 


4 
, 


For 1 18 28 a Period of 2; 901% 
1 1 18 28 36=Another Period of che li. 


FF 


remains o o 20 42 1 
'I% 4..X is 6 / : 5 


. 1 $3. 1 92 


from 3 13 17 4 Period 0 of we IF. 58 


PAM 1 
N. 8 15 
88 3 22 wk. 


c 3 44 £ 2 3 N 
PPP 
ys * REM 1 17 * . 

1 1 E* 


th. i PA rag ine . 


6 The Lonatrupt Beats 


As alſo ita 8 thence, that two Synodick 
Periods of the II are ſhorter: than ane e 
| cal Period of the IF by 1h, 23 4 5 


For 3 13 17 54 One Period of aue po 
+ 313 17 r 1 


from 7 3 59 36=Period of che ur. IN 
remains o 1 23 49 - 4 4 e 12 


"Ir appears farther, 5h two e Ret 7 
of the III. are ſhorter chan one e ſuch Period of 
the IV by 2 d. ped 5 


| * „„ „„ 
For 7 3 59 We Period of the my 
FP: 7 7223038 =Another. 
ou 59 $2: 5 
— 16 18 5 13==Ons Period of the 
remains 3 10 5 1 | wp 


| Hence it folly; = tht Gant quantities | 
in exceſs are greatly diminiſhed, and, in a man- 
ner, worn off in 26 Periods of the Ive, in 61 
Periods of the III, in 123 Feriods of the 11, 
and in 247 Periods of the Ie, "whey the mam- 
bers will . as Corr cor at i 983-10 


— 2 4 7. 443 5 13 2 4 az . ; 3 


b. , on 

26 Periods of the IU 445 124 15 3 

61 Periods of the HI = 437 «© 35 36 

123 Periods of the IId — 437 3 41 75 | 
247 Teriod af the 16 * 4 _ 


e 


5 5 


— 
þ 


3 We 9 asia 8 
„N. B. Ste Mr. Pamd's, Tubles in Sei 
43 rys diminiſn 3 Ungle Period of de If 1s 
I” and ſo in this whole Period 100. I have for 
down but 2“ inſtead of 12“ under is 247 Peri- 
wy as this nicety requires | 
d All: — four Panets bees 
e -cheir former firvation, wich eſpe 
ww omounother, and w'ithe Sun; in about” Fg 
* 4% within 1 13. 8. 34“ 
imnermoſt do che fame within che very 
ſmall quantity of 8 26”, And accorditigly the 
firſt three paſs through” ill the varieties of their 
mutual ſituations, and teturn to theit former 


places, With regand to one another, and 0 be 


Bun in this Period, of 437 3* 40 and ch 
almoſt to the utmoſt nicety. Which therefore 
is eee firſt gramm Hein to them belonging: 
hic . ticular notict is 

85 — 1 07 upon this occaſion; as | 
will be Aiſtinchly debe the firſt Gore. 


7 th 
| bet of the Xi Lemma p 


che * 
1 442181 129-30 298 
ative magnitude of theſe Planets 
of Jupiter; tho not hitherto ſufficiently mea- 
fared: by cet Micronttery" r ottter wie, 1 far 

as I know, ſeems to de Asp een | 
The third is evidently the largeſt of them al; 
and, as gvefs about the . of the Earth, 


3 


or Vane. FDC, 11 nol N 
The firs the next 10 . tho cer- 

tainly ſomewhat Tels chan the former; and ſo 

nor woven bigger than Mars. © 2 
bl & 
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Trfhe ſecond is a [ſmall matter leſſer than 5 
fiſt; and ſo not rem deal chingar than Bep- 
0 %%% ̃ͤ 2: K 

"The £ fourth is evidently the leaſt of — 

all; and therefore not much larger than = 
Moon. See theſe Proportions repreſe 
Fig. 2. Monſ. Caſini, by ſtating: IE 
of-the firſt ac the 20% Fart of the diameter of 
7. . fairly implies theſe determinations to 

e not far from che truth. See See Phileſe Tranſat 

Pr „ .. OE 10 Wiiaguß Heeg 

Jo tt 5401191 igv So "Net LOUD Acc 3111 Nan 

1 be Biene f Abele F mean fun Fupsz 

bye s Center art theſe that follow in our ordis 


nary meaſur'd | mae ani aich aus 
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ter obs our pres b Fu thy 6 he 5 
21380 8 oh 'q 4. 0 be, 1! * esch o 
5 Are nes Oey 
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Fu upiter are Cas follows nears) Gen 7 1 28, 
E mol to ſional adi git odbies Bf Haig) r 
8 80 to Aaavd | 
Morions i in an Hour 
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cularp. if therefore all theſe Moons; vr 
condary 2 about Jupiter excepting the 
— is. tom dur Barth; ſo is their Velocity, 
M ſuppoſed at equal diftances;" very much great- 
i balance the vaſtly greater power of Fu- 
= ps Attraction, ar iſing from his vaſtly great- 
theirVelocities, andi by conſequence, the {quarts 
— At equal diſtances; to which 
Vaſtiy Sreater e 
5 5 1 4 n 2 BUT & of | ; 
ic rs ts dhe It, 111 IM IV" Planets 
are tolerably even, and — While the 
and irregular of them all: as our Aſtronomical 
Obſervers agree. 
is both the ſmalleſt and remoteſt of them all; 
Its Attractions cannot very much influence or 
their eee muſt chiefly ariſe from their 
Own. mutual attraction or gravitation, : acting 
monſtrated the Sun, Moon, Planets, and Co- 
mets perpetually do. And ſince withal the 


als farther off Jupiter than our 

cer Nor could their projectile morions in any 

gnitades1 ian that of dur Earth, had not 

chat Attraction is . e been 
Srl %% i 1 

motion of the II is; ; by far, the moſt uneven, 

; 1: Corollary (1.) Sino, 3 * TV I Iu 

alter the motions of the three innermoſt; and 

upon one another: as Sir 1/aac Newton has de- 

N e CO ' Grand 


| | 20 Ar 7 
> 5 


their born e we wo os 10 15 EP 


occaſion” of a kind of Revohition, f een or 
their former inequalities in Half that Feriody or 
in abour2 g days = 7 monihat Which Mr. 
Bradley i ffrens they do! His words are publiſhed, 
ancd are theſe: 1 prefuimey\ſays He, -that-the 
-«<-rrregular motion of the chieſty 
ariſes from: the gravity ofichs'other Satellites 
<< towards it: 
* towafds thoſe other.] For altho the effect 
of the inffuenee that the Satellites have on 
28. each other is moſt remarkable in «the 3 
__ :*" whoſe motion will ſometimes be accelerated 
or retarded” thereby as much as amount co 
30 or 40 in time, in the ſpace of abnut 
« months; or in half the period in which the 


or rather from its-own gravity 


ce three innermoſt Satellites return to have 


nearly the fame poſition, wich reſpect tothem- 
* ſelves, and to the ſhadow of Fapirer; yet the 
3 firſt ſeems alſo liable to inequalities that ean- 
not well be accounted" for but from ſome 
% ſuch cauſe as is before mentioned: the offeRt 
of which will not eafily be reduc'd to any 
rule but from a long and exact Series of Ob- 
#6 Tervations.” "Phile/. Trunſact. Ne. 394. 
Corollary (2:) When therefore we ſhall: have - 
ones obtained a compleat ſett of Obſervations 
of theſe three Planets for a few of their grand 
- Periods of 145 months, we ſhall, probably, be 
thereby enabled nearly to perfect their Theories, 
and to compoſe much exacter Tables * 
| en 


VER ul hitherts fapall their Eeliphe 6 As _ 
for all their Occultations; and Conjun&#ions. For. 
which purpeſe it: is, in good: part, chat 1 now 
publiſh this Treatiſe, . . eee or 
Scheme: of -Genfignrati Eret rye : 


complear perfeion which [aim ac this ma 5 
dee 6 indeed e & & 
| much at preſant Ae * AN 

| Theories of:theſs Peg 


primary and — as well ag che Cometsz : 
chat is all the reſt of the bodies, in our intire 


Solar Syſtem; appear to be more, or kf Te, 
2 this ragigeal -Juppaial of, mutyal, in- 5 


"prope er for Cnr NONE IIs alſo; . 
Epecia ly ſince Mr. Bradley has already diſco- 


vered ſuch an Eccentrieitꝝ of the IV pp affards 8 


its greateſt Equation equal to that of enus, or 
not leſs than 48, and that its Apſis, of greats - 
eſt diſtance from F#; iter, was, at the, begin- 
ning of A. D. 1717. 


8 degrees of. Piſces: Nay, 
and that the ſame Apſis goes. forward 30 in a 
year; or two ſigns i in 100 years. He hag alſo 
diſcovered, that in the yeats 168, 1697, and 
1718, at the diſtances of Fupiter s reyolutions bs 


about the Sun, of almoſt 12 years; the Eclipſes 


of the I Planet continued at leaſt 2. 20, 
while yet in 1677; and 1689, in the middle 
of ſuch Periods, they did not continue longer 
. "It's: which, viſrenes. of Durations 


ſeems 


12 The Loxnetrupe Hſelverd 


 Krks plainly to imply; this; in che Janne 
years, this innermoſt Player was clipld near 
ns greateſt; and in the latter hear itb eg | 
ſtanee from the center of n ae ieh 
fairly implies fore Eccentrieity ſu ts Orb valſo. 
And as the'irregolkricy: of tf A — Fab the 
greateſt of them all, it is Huy Unrenſonable 
to ſuppoſe, that part of ehis great irregularity 
may be owing to 5 its Ecechtricity” alſo. Nor 
can we, with any'Afuratce; affitm the Orbit 
of the HF to be inrirely free from ſuch Eccen- 
tricity: tho” it may be comparatively of a very 
ſmall quantity. e ane EO 
VN. B. As to che Wehler en of the ſeveral 
Plains of the Orbits of theſe Planets to the 
Plain of hes upiter's own Orbit; or, which is 
not very far different, from the Plain of our 
| Eclipticks' (for the former Plain is but 1 20 
different from the other 3) together with the 
Js of their Nodes; the knowledge of 
- which is neceſſary to the p rfe@ underſtanding 
of their Theories; take them from Mr. Brad- 
leys determinations, in his Tables of theſe 
Planets; which; by the favour of Dr. Haley, 
Tam now in'poſſeſſion of. © As to the Lati- 
n Ter of theſe Planets, ſays he, It plainly ap- 
pears by our later obſervations, that the AG 
* „Fading def the TVihis now 112 in Aqua- 
fis, and its deſcending Node 114 in Leo; 
"057 and that the Nodes of the IIIa are very near 
4 the ſame places. For which reaſon we place 
the Nodes of the two innermoſt there alſo, 
"= becauſe the Obſervations: 2 way forbid 


— 


ge 180 in Aquarius and Leo, as e af- 


4 firms, (not have we any other authority equal- 
4 ly — pane — gone backward 


6% Wo of AS 


« E — ike 5 

4 no more than 29 72 F: 
confeſs'd that Mr. Derbum found * Latitude 
of the. IIId about Se 2 03 greater than either 
Mr. Flamſteed, or ur. Caſini had con- 

jectured; and Cw it 2448 0 Panumbra, or im- 
perfect ſhadow of Jupiter, a long while, at 
the very Pole of Jupiters body; and took no- 
tice that its duration in Jupiters ſhadow was 
no more than two hours; inſtead A, 3 327 
which is its proper quantity, w 
a a diameter over that ſhadow: RG 
: ready obſerved, under the 14 1 Lemma fore- 
goin Tho as to the Nodes and, Inclination 
3 II Planer, I have, I confeſs, met with 
no farther particular determination about them. 
However, in my Epbemeris, or Scheme of Con- 
_ figurations, I have endeavoured to follow theſe 
determinations, and to ſet each Planet a little 
northward or ſouthward of TFipiter's center, 
as their true poſitions require; that fo the 
careful Obſerver may the better know the ſe- 
rr Planers aſunder ; ; and may take notice 
| at 
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at what point of Jugiter's body any of them 
BER bs: Capt wan <a 'Emerfon from. 
Wis: 8 


10665 XII. F 
f de bun fön or 140 to „any of the 
_ of” uptter” s Planets coming to their He- 

Hocenttick or Geocentrick Oppoſition, © half, 
their Synodick Periods, | we ſhall gain their 
foregoing, or following Heliocentrie or Geo- 
centrick Conjunctiont. The practice of this 
will 282 e hereafter.” reer eiter ge , 


XIII. ele vb Md a dg, 
11 we ſi abſtract | 6085 the places of any. of 
theſe Planets, counted from their Geocentrick 
fitioh, at any gie ven time, one Doro, or 
three quarters of a Sprcick! Peri or their 
places at any given time from on- quarter, or 
Bree quarters of ſuch a Period; we ſhall ain 
the times of their Utmoſt Elongations. he 
reaſon is plain: becauſe theſe Um Elonga- 
trons ate atways diftant one quarter, of three, 
quarters of fuch a Period from the time of the 
. poſition at their Geocentrick Oppoſiti- 
The "Practice: of this will be exit 


* 
at's. 
VE $4 


TOE Je; | 0 e 2 FT N 2 
If we ſubſtract "From. and ry yo to —.— 3 | 
of theſe Planets poſition at-their--Heliocentrick. 
Oppoſitians, their true Semiduratiams in Fupt-, 
ters ſhadow; we ſhall gain the times of thoſe; 
their Immer fians and Emerfion nnn are fed, 
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. d3 5850 2197 1 55 ban va "46 
435" 908 9 e 3 "+126 at e a ; ar T2" 
* . 


wo 43223 ped <a) in -: a0s ati; . 5 
if e alſo ſwbſtra@ 3 a Fe 6-000" | 
times: of theſe Planets paſition at the;Geocen- 
thick Oppoſitions ard! Conjunctions, their Ge- 1 
e at ader their Oct ullatiuns, either be- jd 
| HS 7 zor: on this fide, ofi the: body: af 7 upiter, | 


.we/ſball gain che tices! of their Octiſtaftons, 
With regard:co:his 
this will be alſo txem- 1 
act ac an DNAS, 
„ „ ee 243, kart. 


— — — 


2 Te are We e bonds the 


e E 


Moon never comes nearer: to the trail 
of iche Eurtk than about 80. Miles Jet are 
. a Toi = 5 ppiter's {Planets every" 


0 | 8 _— 
pets: about its Hana 
4 
Lannot then come into bis ado l. tor 
n long time. e ie ee 


4+ 


ameter, and AB che Semidiametet of ih Sun. 

Let ac repreſent —— and dhe Se-. 
midiametet of Jupiter. Lot the lines Aae 8 
and Cre e tangents of che. Sun, and of u- : 
Paten „ meeting in che verten of the Eon f 


- the ſhadow of "Fupiter at eq ſoppoſing-ho-had | 
"ERS: 4 * containing the a 


* 


6 The Lon@rtuns dichverd — 
| ed and 1 Half, arb, or AeR. Let 
44 and cd repreſent: the gays of the Sun twie : 
refracted IN. the bottom of Jupiters at- 
moſphere; and mectiig at d, the vertex of 
that Tobe of che total ſhadow2 ant contaihing 
the angle auc, and ats half ab Drawinhe 
lines u and parallel to che axis e the | 
former for the diftakcei of: che hunννννν, ᷓ 
rere and the lattet) for the diſta nee 10f N- 
NIV. or vutermoſt Flanet from h ae 7 
:Drawalio che line gh\corepreſencihe; 
'char1VPlancrovecthiexonlNhujon J. 
Then run the following analogiesy un 4s pk 
| the lengths e H; Eh; and ed; with the 
:gudmtitice bf N e ce 
45 e paſſe een den Ib 


1 . 5 
| — 


E bn u She, 5 $21 ys 9), 
r ,000,000 ſuch miles, But if, Vid Sh Per 15 
| Fee halt, wa rakethar Parallax tobe no 
is tho meap between: Mr. Pound's many 
add.tnolt acourate Obſervations; which always 
proved ti be beruicen-g'.and. 14 Habe Karth's 
Adiſtance from the gun will he but 97;00D,000, 
and Jupiter a diſtance from ther Sun but 
it oo curly. ler this caſe the iandlagics 


6— Sie ts ys > 


ö 


rence > will be 8,20 25 miles, ed. Say then 
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2 As 4A, the differences of che Suti's MF) : 
Tupiter s Serfiidiatnerers, = 003 Parts: to S, 
the diſtance of Fupiter from the Sun, = 
2 500 :: 80 is AB, theBun's ſemidiame- 

o parts: e Be=1 ak en ,000 miles, 
nope which is cherefore length. x of che 


* found, ſubſtract as, ot 
Bb = $00,600,000 : the difference will be he, e, 
or the axis of Jupiters ſhadow, if he had no 
noſes = 44,000,000" wales, = — Be, 
neatly. Then' proceed, and ſay: 

As 52 : to 10 :; or as AS Fe Aiſtince of 
Pupiter from the Sun: to the diſtance of the 
arth from the Sun: : So is che line of the Sun's 

by parent ſemidiameter at the earth, 16“: to | 

e fine of its apparent ſemidiameter at Tupi- 

ter. Or, in ſuch very ſmiall angles, :: So_is 
the'an le irſelf at the! Earth, — „ che an- 
gle at e 3.5. Again, As Be: to BB 

: or nearly as 10: 99 :: So is that apparent 

ſemidiameter of the Sun at Jupiler, = => 5 
to its apparent ſemidiameter at the vertex e 
=" 40 = ſemiangle of che cone 45 or Ae f. 
Proceed chen farther, and ſay, As as the diffe- 
rence of the ſem duration 'of the WY Planer, 
either behind, or on this 7 Jupiter, and of 
12 his ſerni duration in f the total har, or, : 

om the Obſervations, as as 4: to 147: 80 5 


3g =26,6: ſeniidlemettrs of aper, to 24 5 


78 ſuch ſemidiameters: = = 35,794,800 112 


Take that pumber our of 44.000, 000 the diffe- 


farther 
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farther, As bd, = = 3579 : tode— 820: 80 i is 
the angle a eb 1 71 to the angle ea d. = 
38“ double the greateſt horizontal refracti- 
on of the rays of light through the bottom of 8 
Jupiters Atmoſphere. Which re fraction is 
therefore no more than 19442. 
Corol. (1) This Refraction checefars 8 
the bottom of Jupiters atmoſphere :; is to the 
parallel horizontal -refraQtion. through. our 
Earth 's atmoſphere: : As, 190 73605 a0 25 
2: 1. e. nearly, as 1 to TOO. 5 
Corol. (2) Since therefore it is well knows 
| ton the denſity of our Earth's atmoſphere at 22 
or 23 miles height, is only the 100". part of its 
dest on the earth's ſurface: and, by conſe- 
quence, its refractive power but the 190" part 
of che other; it follows, that the denſity and re- 
fractive power of 8 ag s atmoſphere on Jupi- 
ters ſurface," is nearly equal to that of ours. at 
22 or 23 miles altitude: or not much more than 
the 100" part of the denſity and refractive ye: = 
of our atmoſphere. on the Earth's. ſurface. 
© Corol. (3) Since the 5 + duration.of Tupiter's 
; Ive Planets continuance in the penumbra, or 
imperfect ſhadow of Fupiter, both in his, Len. 
tral Inmerſions, and Emerjions ; 3 28 under Lem- 
ma VI before; is 81 greater quantity than thoſe 
4, by which che e over the breadth. of 
ba the total ſhadow. in Eclipſes is leſs than 
the paſſage over Jupiter's bare ſemidiameter i in 
Oecultations; it thence appears, that upiter's 
atmoſphere makes a ſenſible ſhadow ſomewha 
9 thoſe 4, and 1 9. 91 Pe OR, 
e 15 = 


FD 


. N n 
8 1 


. 0 2 175 Siber the © Obſervations ge Git 5 
the ere in Jupiters peuumbra, or im- 
5 fo fect ſhadow, admit of Conſiderable variati- 
ons us; üs has been already noted under the VI.“ 
Lemm alteady: it appears. thence chat = 
ren eee is; at ſome times, much clearer 
than, it is at others. — 2 25 yl "uu o our” 

ne ſphere alſo, * a: bel ; 


AA. 4 ALLY Wr Har Hr 90 2 — dene . 
to the e el theſe, Eclipſes of abi. 


eicher ur land, "of lea, J mu E 6 1 ö a- : 
ders; chat our own wor thy countr ran Mr. Rog = 
Protein 3 ſbam-College, 


EN 1 8 ft m for that purpole: | 
_ altho'ke died A, D. 1662, juſt upon his finiſh- 
— thoſe 8 anf ſo never lived to” 

7 Ute fign' Nor did he particularly re- 
omimend"iny 05 their pfruomena, bur onyx 
dre Terk fl of the firſt "and chird, to be 
made ule of; and choſe only for the Perfecking 
the G — * Fe Ack ; ung. _ 19 0 2 * 
Actidians. © Whith met! thod, nM 8 


3 1 EE 
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den, 5 by 8 
E, 


to this ver 


e SO let's wore 
Not many years 1 9 7 


theſe Nip 5; —_ ro: much 
for 15 3. 1 MAY 


e 93 25 
* F: [487 146 206 er "be 
been 


as will 15 


: — — 5 and 37 
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19290 the. i a 
ble tl ALAS 5 {B43 fi i £2 1 FL . 14 
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Tis farther true, that his Relation and Aſſiſtant 
Mr. Hodg ſon, has preſerved: thoſe Tables of 
Mr. 's, and hat, in (ame meaſure; im- 


Feral 7 given us very valuable Caleplatiags 
| jo ge iclpſes," in the Philgſephical Tranſe 
5 ich Calculztions have cheen of great 
in compoſing this Treatiſe about 


thers 9 — —— — — 
19 Fears ago a ſatt of Aſtranomical Tables, for 
heſe ſecondary * about Jupiter, and gi - 
them. to. alley, as an Appendix, ar 
0 * 5 — the 


Roe ee 1 ee 


, firſt Kut 10 he „ 
22 


momanon-0f thelg 
— which is the beſt of all ochex for the 
"2 Sn of che — 2 for if Thos, 


* 8 chem; and from chem has now, for ſ&+ 
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5 * 45 * + FEE * 
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Alcho⸗ the Echp/es of Yup pit 0s Plabers de 
been hitherto . conſidered, and ob- 
ſerved by Aſtronomers; Nay, even few of theſe 
_ Echipſes but thoſe of the Ic have been thou «4 
of for the Diſcovery of the Longirode, either 
at land or ſea; yet de the Occultations of wein m 
by the body of Jupiter, both before and after 
their central Oppoſitions, and Conjunctionz, 
but eſpecially in the latter caſe,” highly deſerve 
their conſideration, and obſervation” Po char 
purpoſe.” * \ Theſe Occultations are uſually in 
nber three for one of the Eelipſes. And 
ſince two of theſe three are between us, and 
the body of 'Fupiter;"and are therefore no way 
ſubje& to any penumbra; or refraction t rough 
Jupiters Atmoſphere; they are, on that ac 
count, to be better obſerved than the Eclipſes' 


themſeloes. Nor ought « cheſe Occul ations Ray” 3 
ipſes, to 


fore, dhe they require | 
longer Teleſcopes than cho Ec 
neglected When we aim to diſcover 
de — by theſe Planets. The middle 
times between Immer ions and Emtrfions being 
ſomewhat more eaſily calculated, and givi p 
us Obſervations not leſs fit for our Preſent ur- 
poſe; than the Eclipſes them vs 8 


l LF n 
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thoſe Occultations: I mean their apparent mu- 
tual oppoſite Tranfits, by, or in Comjunction with 
one another. Theſe, by meeting each other, 


double their natural reſpective velocities; and 


1 the times of ſuch their apparent 
Tranſits, or Conjunctions more nicely. than eithen 
the Occulfations, or Eclipſes themſelves. Theſs 
Tranſits, or Canjunctions alſo are uſually free 
from Jupiter s penumbra,. and refraction, and 
too great neighbourhood. All which. are 
known to be great obſtructions to the advan- 
tageous view of theſe Planets. Accordingly 
Mr. Derham ſeveral times complains. of the 
difficulty of obſerving: theſe ye near the 
Oppoſition of Jupiter to the Sun; by reaſon 
of the, glaring brightneſs of. Jupiter Timſelf, . 
ſt by them at that time: and which moſt 
=o longeſt affects thoſe of the innermoſt, 
which otherwiſe. are * the beſt and moſt 
numerous of them all. Pbilgſ. Tranſat.» 
No 402. Theſe Tranfits, or r Conjuntions are in 
number, compared with the Eclipſes, nearly 
as 3 to 2. They may alſo be obſerved to leis 
than a fiogle minute in time: nay, when be- 
longing to the I* and II, and not too remote 
from Jupiter, they may ſometimes be obſerved 
to half a minute, or nearer 3 as our accurate 
obſerver of them Mr. 5 informs us, 
Philoſoph. Tranſact. Ne. 393. where he more- 
over, firſt of all, fairly y them to be 
made uſe of in the Diſcovery of the Longitude 
alſo. And this very juſtly; becauſe, when the 
Theories oY 4 n come to dhe: DE Os 


224 The 1888 rs Abe N 
de nearer 


ed, they will determine thar Lobgin 
than eirhei the Orc nation of”. chipfes them- 


Re 
'® £.% + 


"NB The Os Erne of Yapiter Pla | 
Mete@nas; having been almott wholly con- 
in d to their Eclip/er; as has been already noted, 
which are always near their Oppofitions be- 
yond Fupiter: The Obfervations;of the Occult 
 Fations, no propoſed, being, withal' ever near 
their Conjondtions, or poſitions, either on 


this, or th other fide of zpiter, afford us nod - 


Obſervations about the Quadratutes and Octants: 
which yet ought to be'known in order to com- 
eat Mbit Theories. But then, theſe mutual 
Punt, or Conjunt#ions being ſometimes near 
their Q Quadratutes, and frequently at or near 

ir Octants, will ſupply the former defect; 
ad afford Adee Ref exit Obſervirione 
for thoſe Quadratures and Oftants, in order 
to their perfecting thoſe Theories. Nor ought 
we to forget, that by the means of theſe mu- 
tual *Tranfits, or Contjurittions, the firſt, the 
thitd, and the fourth Planers, which move more 
evenly, Will already aſſiſt us in ſtating the mori⸗ 
Ons of the ſecbnd, Wich are ſo much m 
Frregular, better chan formerly: to the grea eat 
| : bi 8 e e ee 


e 52107 Vo AT 
"Sites; 28 we bare taken 100 1 N | 
are cortmonly three Occultations for every 
Eclipſe of theſe Planets: and three Conjuncti- 
0 for Two ö And fince the firſt Planet 
18 5 


p * * 2 
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is eli ſed 13 times in | 
EA us, Philo en N. 5 
and the ſecond, 1 N [i 6+ ume {the 


fk Bohn. Occu⸗ 5 
a capable of being mad 
diſcovery of the Longitude; 5 Nob alen 
as the Thegries and Tables of theſe Planets are 
brought to pris SS 7 or above. five 
man 80 10 Gi 59605 Jy 


oper 5 f 


; gr above g f to eac Keri 9900 
rts of che hi 28 8 and bis Ae 
which; the, nent Fn wAl 
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Wine 0 ) for d hae Nwerlr in 13 Won 
Se and bis Planets are tog gem the ir 
Ng 0 125 dun e eee ee ; 
; tor chat day time when we! canner — 
ke e <e RW om 
che une ng ee gut horizons (3) for, fych 
of the g {they are 5 
death Our h. eons aud (4 ber che inogopo- | 
been of;clouds 3, which,top-often, eſpeciglly in 
thele partherp;regjonsabſentszheſight of hem: 
Yer}: hl in general, and ons. With aner 


wlvoibnq r —_ 
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demonſtrated; the gran 
| of rhole. three inner 1 


ys TE I veer 450 ns fog 


earth alwa vety 
may; the lame plain with” thoſe Planets} "as 
14 U foch e eye is: And if thar eye "view thole 


in eireles, concentrical © 10" 7 


| bo ig their 


; , 
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ing one. or other of theſe Phenomena, and fot 

difcovering the Longitude by them, as there 
ate days in the year. T mean this ftilf aſſoon 
as their Theories are brought to perfection: of 
which preſently. But more of this matter Un⸗ 
9 the IV* Problem hereafter. * 


Io WM Oey Vic ooh” XXI. * If 1 STS LR 
f "Pic the Sterne" it is juſtly to be expected, 
that a pretty compleat_ Theory of theſe Planets 
maß be_obrained, upon proper and continual 
Obſervations of all choſe their _Eclip/es, Occul. 
tations, and Conjun#igns, Chich are vilible, in 
145 moni, 4 55 being, as we have already 
Parka of the motions 
"Which. are Chiefly to 
regarded i in theſe. Obſervations for the Giſco- 
vety, o the Longitude. 0 e to . 
S 2 3- dro = Bro un, 


s is: And if that eye be in, or YE 


Platrers ub "they revolve abour 


18 8 center, 


very. nearly the eaſ 5 every 1 
Thoſe Phaticts will appea 
move backwards and or v 


5 1 
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ag, to the line of the earth's diſtance 
rom Jupiter: and their even circular moti 
will be truly repreſented by the uneven 071 
ons made upon ſuch diameters, according to 
8 65 of Sines, and not otherwiſe. Thus, in 
72 (40 to an eye at E: at a vaſt diſtance fron 
Jupiter at C: altho each of thele Planets be 
really placed in irs own circular circumference 
- MRNS, yet will it F to our eye, which 
dune perceive the difference of the diſtances 
n this or on the other fide of the Diameter | 
RS, n otherwiſe than if the Planet were ace a 5 
in that Diameter. And their apparent kane 
from u pl s center will be the Sieg of the 
angles of their real motions from or to Jupiter s 
center; or, which: ;COmes to the ſame, from or 
to their C )ppoſitions. at M, and Con junctions at 
N, and not otherwiſe. _ Thus, 44 4% on one 
| fide: a8 alſo. ad 4 0 on. the other Tide, Are, Srnes 
of the AA. 5 DCA; BC: and of Ca: A pd 
the Planet at A, or 4, at @ or a, will. appear 
to the eye at E, no die than if it really 
were placed at B and 6: at b and &, Now, 
ſince AD is val. and parallel t to BC and a 
equal and ele 10 U GC: as allo ad equal and. 
parallel to 4C- and 49 equal and parallel to. 
EC: and fince the former, are no other than 
the very Sines of their arcs and gle, from 
or to, their Oppoſitions and Conjundtions, the 
latter, which are equal and parallel to them 
reſpectively, are alſo the Sines of the ſame arcs 


and angles, and ſo every where. This is o 


ſtration: 


Wenz a Propolition,'zs n as needs no. farther illu- 
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ration: and is dee tn: 72 all uy 
O! ler vations of thoſe WONG. 12.9 


Ar We aa" or -fubfirace he Time belon 1 


to the' Parallax of the annual Orb, to, or from 
the Time of the Poſition of any of theſe Pla- 
'Bers* at the Heliocentrick Axis; we gain the 
Time of their Poſition at the Geocentr ck Axis: | 
And vice verſd. 


Thus if in Fig: (5) 8 Apel * Son: T- 
the Body of Jupiler, and E the Earth, in any 


particular Poſition, the Line S A is the Helio- 
centrick Axis: and the Eine EA the Geocen- 
trick. And the Difference: berween them is 


the Angle EIS, or its Equal, ATA: which is 


Ealled the Parallax of the annual Orb: and by 
addition or fubſtraction reduces the poſitions 


It one Axis, to thöſe of the other at che ſame 
Time. 80 chat if one be Ben, the other is 
- ealily "diſcovered alſo: * | 


Caller (1). Sinee iche Hetiocentrick: — 


f Saber n places of Jupiter ate conſtan Kt = 
down in our vulgar Ephemerides, fuch as t 


of Mr. Parker and Mr. Weaver, their dere : 


or the Parallax of the Orb is eaſily found by 
 ſubſtraQting the leſſer from the greater: 


Coroll. (2). Since this difference or Parallax 


_ vaniſhes both in Jupiters Oppoſition to, ot 
Conjunction with the Sun, at thoſe times we 


allow nothing for this Parallax. But then, we 
are to ſubftiract the Patallax out of the Helio- 


4 3 


 Centrick place, for 6 + months; from the Op- 


— 
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poſition to the Conjubiiiont And from the 


Conjunctian to the Oppolition we are to add a 
it, for 6 + months: in order to gain their Ge- 
ocentrick places, And it may pe noted, that as 


the laſt Oppoſition of 7 


* 


at the end of Augull, 1737. ſo was the laſt 


Conjunction March 16, 1933, and the next 
Oppoſition will be Uher 5 following, as 


upiter to the Sun was 


thoſe Ephemerides inform us: An example or 


November 20. 1737. at 6 in the evening, the 
Heliocentrick place of Jupiter was, by the 
forementioned Ephemerides, in 13. 380 
His Geocentrick place was then, x 24”. 15. 


| Their difference therefore was 100. 37. which 


Vas the Parallax f the Orb at that time. So 
November 18" the ſame year, at 6 in the eve- 
ning alſo, the Heliocentrick place of Jupiter 
was X 14. 21. His Geocentrick place was 


then, x 295. 48. their difference was 11%. 27. 


which was then the Parallax of the Orb alſo. 


But becauſe the angular motion of theſe 
Planets is ſufficiently unequal, this Parallax 
muſt be ſtill reduced to its different intervals 

in all the four Planets. Thus che. firſt. Paral- 
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Theſe meaſures will always repreſent che 5 = 
bits of theſe Planets truly, as to their properti- 
ons, with which we are chiefly concern 


altho' when the Earth is nearer to, or farther 
from 77 and his Planets, than at their 
mean di 

ably unequal in apparent diameter, or angular 
meaſure; with which-we are vety rarely con- 


nce, they repreſent what is confider- 


cerned. . Then divide each of. theſe double 


lines, or rather a middle line between them, a ac- 
cording. to the line of Sines: as will be more 


fully directed preſently. All this is to be done 
by occult lines, without Ink, or with the leaſt 
uſe of it poſſible; that the numbers may be no 


| hindrance when the hours, half hours, and 8 


ters, or even the minutes themſelves are | 


_— be determined by them. For that is what 
muſt be done in the next place: 1 mean to ſet 


the hours, half hours, quarters, &c. within 
each line, in their opel places; and to note 


them with black Ink: that they may be ſeen, 
and uſed upon all 8 as vill be more 
Sally directed preſently. After which you are 


ivide the two edges of the Sector, on the 


— plain with the reſt, and on both ſides the 
center, into inches, and decimals of an inch N 
alſo. But you are ftill to begin all your num 
bers for the Dork Sc. from the middle of the 


Sector, on the upper of the two lines; or from 


hn She Dogon. 4 Jupiter: and to count 


your Goh and, to your left; till vou 
—_ to its firſt Ucmoſt de but Hate 
en 


. 
; 5 
£ 
| ah oP 
Lg 
: S 
3 1 
FE 2 


Jorirzx- s * = 2 


© to turn, and count backward, alc ng. the 1 
"na of che two lines, from your leſt hand, - 


tte your right, till you come to the ſecohd Ur- 


8 mot Elongation: and then are to return, and, 


8 they would then appear to go-thus, from Weſt 
0 Eaſt perpetually; and wa ele ces Ge 


3 ' chat before us. 


Cannot be very many, nor yet 


ccording to the order of nature, to count from 


: your, Fight | hand, to your left, il you come to 
25 the middle where you began. And thus are 


u to proceed diſtinctly with the houte, Gr. 
every one of theſe Handen And all this 


ut Jupiter with our naked eyes, 


er Fey analogons'to 
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N. B. Becauſe this Scale; iel was m0 in- 


it eon in a way 


5 Gods the intire Orbits of all theſe Planets,” will 
not be exact enough for determining their mu- 


"tual Conjunttions ; 3 which are of che greateſt 
conſequence i in our preſent deſign; we we ought 


to mark other hours, with the very minutes 
1-3 belong ing to them, upon the out/ides of the fote- 


_ mentioned double parallel lines, tho in the 
parts neareſt the center only. This ſecond Scale 

dan to be three times as large as the former: 

need not reach quite ſo far as the Orbit of 


5 ſecond Planet in the firſt. For as beyond 


the third there can be no ſuch mutual Conjun- 


Sions at all; fo beyond the ſeconds Orbit there 
good ones; be- 


cuauſe of the length of the Periods of _ third 
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2 ourmoſt Parts, that Ms oſt of py 75 8 : 


leſs; will permit us to E e a larger Scale for 'Þ 
the parts moſt uſeful: which are always 1 . 
not far from Jupiter. Not lefs indeed than 
will give us intire leaye t to note every fingle mi- : 
nute of time, in alinoſt every one of theſe k Pla 
nets ;/ without any.confobop: and. this almoſt 
in the very remoteſt ants. here. made ule of. 
Which advantages will abundantly 6 cotnpenſate : 
the forementioned ſmall diſadvantage in, the O- - 
miſſien, under this Scale, of thoſe. parts of the 
Orbits of the ſecond, third, and Torch” lanets 
which are moſt temdte from the c enter. 5 
only we are to take care of, that we Tuf Shit 
[ly-diſtinguiſh the diviſions , belonging . to this 
Scale from thoſe belonging to the « other: 
which will be beſt done by marking both the 
7 and [I hours: and. minutes. thereto be- 
onging with red Ink; as the 1 WR oled 
"nlp to be marked with black... os 


NB. We may alſo, if we Jeale, in. a ke di- 
flint marks: upon the, Sines of the firſt 1 2 de- 


: grees'of this Scale for the Parallax of ; py 9075. 
and this diſtinctly boch wars from, the, cehter, 

and for every one of theſe ] Planets, and With 

the ſame red Ink alſo: That Parallax r re quiridg | 


no new diviſions : and properly 1 to 


the parts neareſt, the center, as this Scale for 
cheſe parts of the Orbits do. Jn pb; is to de- 
note the place where the r falls ; 
" fra" every Planer upon chat d ameter on e 
the 
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| 1 action or 
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in the Heliocentrick Axis in the total ſhadowy 
of Teige to indicate the times of the Iommer- 
Emesſum in thoſe 1 to he com- 

2 wich i times found by-calevlaci- 
on; and to: prevent all 2 error in ſuch 


calculations. 8 . 
N. B. Bechüſe of this dont Scale, I ſhall. 
pr eſently ſerxdown a deuble Bahle of Sines; the 
atter thrice as large as the former; in. order to 
the ready —.— ef - hours and parts of an 
hour in their ꝓro ede be hy each 
Scale, altho the Nee for hours and parts 
chemlelves require no ſuch double Table: bur 
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the allowance for any Equations ariſing from 


' the difference of the Parallax of the Orb; or 


from̃ the ee motion of Light, or from 
the inequality of f $ own. motion: which 


yet ought to be allow'd for in the Aſtronomical 


Calculations of theſe Planets, and 1s allow'd for 
in the I*, IId, and III“, in the large Table of 
' thoſe places made for the Longitude Sector: 
(a ſpecimen of which ſhall be ſet down pre- 
ſently.) If therefore we at any time proceed 
in this way, we muſt frequently make new 
Calculations. Otherwiſe we ſhall ſoon wh; and 
that very confiderably alſo. 


M 2 "06S 


35 The LongGiTuDE e 


VN. B. The Reader is to be farther informed, 
chat in this Specimen for tlie latter half of 
1738. I have had uſe of Mr Hodg /or's Calcu-/\ 
lations of the Ec ipſes of the ſecond;and third, 
as they ſtand in the Philoſophical Tranſactions for 
this year, N*:443: Vet have I -made thoſe 
of the I* myſelf, ;and compared them with 
both his, an Mr. Meaver's Calculations; and 
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Ephemeris muſt needs, at preſent, be very groſs. 
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Then take four common ins, of the larger 
ſort, and place them, by a Table as has 


'Y 
| 
x 
24 


been juſt pow exemplified at their ſeveral pla- 
ces, for 6 a clock in the evening, on the day 
you propoſe 10 know thoſe places. Remove 


SY pin along its own Orbit, as many hours 
and minutes as the time given is different from 
6 a clock: bac ward, if that time be before ; 
6 and forward, if it be after 6. Then will 
the four pins, repreſenting theſe four Planeta, 


ſtand er ue, and cightly determine their pace ” 


at the time given. 


Thus if it be required to find che places 4 


theſo Planets: by the Longitude Sector at 7 2 
clock at night, the 18 85 


= when the Moon came very near to Füpi- 
ter: and the latter the day when there were 
four Comjunctions of Fupitrr's Planets in à few 


houns time.] In the firſt-place, write 5 


thei places at õ a clock on both thoſe days, 
of 18 . Table, which a are e theſe. 


—— — ; A Ha a 1 


— 


4 ET 7 : 
FR Tru . I 8. 
H 


09-7 ante 4 


November, and the 
31* of 2 1737. [che former being the 


s . 
— — 


. M 955 * R'S TO rs. 


13 * 0 19 19 Da 31, 1 35 
„5 II. 2 10 6 
ei HL 6-29-58 
IV. 6 1633333 IV. 16 1 20 


I ̃ ben ſet choſe four large pins in theſe their 
ſeveral places, at 6 a clock, which will then 
exhibit rheſe Planets ſtanding two over againſt 
your right hand, or weſtward, and two over 
70 your left hand, or eaſtward, from the 
Fupiter, upon Nov. 18. bur all over 

pen your right hand, or weſtward, upon 
Dec. 31. and will have the following diſtances 
from Jupiter's cen ter, in * and decimal 
of an inch. 5 


Nov. 1 12,3 . 31 IL 1 

II. 12,5 AL 2 
III. 1 ” UL 356+ 
IV. 42 IV. 18 £7 


And thus are they to be truly repreſented in 
miniature at 6, in a Scheme of Configurations, 
ſuch as I have by me for thoſe months. Then 
remove each pin one hour forward, for 7 a 
clock, the time requir d; when 8 will ſtand 
| thus. | 


inch. inch. 
Mou, 18. I. % De. 31. L 1698 
8 II. 14,2 | II. 240 
III. 13, 2 „ BE: ano” 
IV. 42,0 IV. 19,9: 


Corollary 
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Corollary (1.) If you deſire to know far- 
ther 8 any of theſe Planets will come to 


an Occultation by the body of Fupiter, from 


which ir is not too remote, remove its pin 


forwards, from its place at 6a clock, till it 


croſs one of the tangents of Jupiter, and ob- 
ſerve how many hours and minutes you have 
removed it. That interval, as before, added 
to 6 a clock, gives you the time of ſuch Oc- 
 cultation. Thus if we take the foregoing ex- 
amples, we ſhall ſoon ſee, both on the Sector 


more exactly, and on a Scheme of Configura- 


tions nearly, that in the former example the 


II- and IVV are, the one going away from Ju- 


piter, and the other too remote from him : 


and that in the ſecond example the I' and I 


are going away from uprter ; and in the fe- 


cond, the IIId and IV& are going towards Ju- 


piter, and will not be very * ere they come 
e ſeveral pins, 


that repreſent their places at 6 a clock, thoſe 


to him: And by removing 


two evenipgs will croſs the neareſt tangent of 


2 and will —_—_ ps * being | 


i 5 yo | I 1 00 go Ha mob, 
Nov. 18. 5 1 47. Der 31. III. 8 50 
5 III. 5 1 IV. 14 


. alſo that they will NS che ſecond Tan- 
gent, and afford Emer ſions, by being removed 


one intire duration of ſuch Occuliations tar- 


chen VIS. . % | 4 * + * 
Nov. 


ſubſttacted from 6 a clock, gives you "nearly 


2 2 : . 1 5 5 & 8 1 : : 
a N r 8 1 £ 1 1 

1 . , [4 Up hes 2 3 7 5 o PR. 1 : — 4 — 2 * $ * Pp N * 

Jurirs's PANER TS. N 

«> 3 7 4 


| 


W 15. La. 18. Bee. 31, In. py 40. 


III. 3. 10 % WN 


| Which are therefore very'n near . true times 


of ſuch Occultations, of ſuch Immerfions and 
Emerfjons. reſpeQively; i. e. upon the ſuppofiti- 
on that theſe Planets were then near their 
Nodes, but not otherwiſe; as has been already 
obſerved under the Ve Lemma foregoing; © 
Coroll. (z.] If you defire'ro know when 
any of theſe Planets will come to one of irs 
Utmoſt. Elomgations, that is not too remote, 
remove its pin to ſuch Elongation; and take 
notice, as before, how many hours and mi- 
nutes you have removed it forward, or | quad 
ward. That interval, as before, added to, or 


the true time of ſuch Elongation. Only' it 
muſt be noted, that the Sines near ſoch 2 | 
Elongation differ little fi6th one another; and 


that therefore ſuch time cannot be determined 


by the Sector to any exactneſs. In that caſe 
the former method by numbers, as under Pro- 
blem VI. before, anſwers this ha a wich 
much greater accuracy. However, to goon 
with the ſecond example; 20 other 5 5 


II 


Eollowin wo 7 Ys oe eons of ins ve 
To near ing utmoſt Elongations. * * 


N e Dee. 


— 


ge n Longenppe. lee 
„ 


a] 

2 * 

E h 
1 


Dr I 5 25 


5 | Corall 6 ) If you aefire to Liv when any 
two of theſe Planets, which are not at 6 a 
clock very remote from each other, have ns 
or will meet one, another, to our eye, and be 
Conjun&tion; you muſt remove each pin 
9 Ga repreſents any ſuch two of them, forward; 
or bac ward, till you. ſee them at an equal di- 
| ance from the center of Jupiter, and in che 
e croſs perpendicular. Thar interval add- add- 

ed to or ſupſtracted from the hour of 6, 1 

. u the true time; and this, when the Piave | 

3 ſhall be perfected, to great exactneſs 1 


Moe if we now make uſe of the red lines, 
and the larger ſcale, we ſhall find that by re- 
EE and III. 
rial and in the ſecond, by removing the 
75 and IId, the II and IV backwards: as al- 1 

by removing the. [* and III and che Ie and bn 
EN forward, as far as to bring them to their . 
Conjunions reſſ e 7 * eee will 
be found thus, ed 1 


Not. 18. 6 IF and III at 6. 38; 0 or gehe 
before the a approach of the moon 45 er. 5 


ee 


4 
* 


Der. 31. II- and III. WY 6 
#97! ; I and IV at hy «7 been sun. 


811 4 % 8 . 
& I's. and FV/%: at's: 5-15 after Son ſer. _ 1 
3 


/ 


\ 


8 a A — D 
2 ECT eee et a men at RR 
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Isa which latter example, che laſt day of the 
old year, there was ſuch a cluſter of theſe Pla- 
nets, and number of Conjunctions together, as 
very rarely happens; the two latter of which, 
as well as the firſt on Nov. 18, were viſible, 
and were accordingly well obſerved at Mr. 

Lynn's at Southwick, Northamptonſhire, and at 
Mr. Barker's at Lyndon, Rutland.  _ 

N. B. It muſt be here farther remark d, 
that this branch of the Problem before us is of 
the greateſt conſequence to my pteſent deſign; 
and that it cannot, without great difficulty, be 
ſolved by numbers, as the other may; and this 
by reaſon of the continual inequality of theſe 
apparent motions, and the four different ſemi- 
diameters to which the Sines, Hours, and Mi- 
nutes are to be accominodated. While the 
Longitude Sector ſolves it with the greateſt caſe, 


accuracy, and fatisfation. 


To compoſe a Scheme of the Configurations of 
theſe four Planets, for any number of months, 
for an intire year; or for any number of years 
required, by the uſe of the Longitude Sector. 


This is the principal and highly valuable 
uſe of this Sector, and what will render the 
diſcovery' of the exact times when the ſeveral 
Occultations and Conjunctions of rheſe Planets 
ate to be both computed and obſerved, for the 
diſcovery of the Longitude, ' very eaſy, very 
cheap, and very familiar. 1 
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In order to the obtaining which Arges, 
you. muſt proceed as follows. 6 
Place the Sector open before you. Then 12 
the four pins, repreſenting the four Planets, in 
their proper places, according to ſuch. a Table 
as has been already exemplify” d under Problem 
VII. before, for ſix in the evening. Lay a rule 
perpendicularly acroſs the four double lines, 
drawn upon the Sector, for the Orbits of theſe 
Planets, diſtinctly, at each of thoſe pins: Look 
upon the diviſions near both the edges of the 
Sector, and note how many inches and deci- 
mals of an inch each of thoſe pins is from the 
Center or Axis of the Sector, and whether to 
the right hand, or to the left. Take with 
your compaſſes eicher ve, Or x, or - - of thoſe 
inches and decimals, and ſet one of i its points 
upon your paper, (already ruled, and prepared 
for the daily inſertion of theſe Configuration) 
from the Center, or Axis to the right hand, 


Wo 6. 8 eB 


at ppg Aer _ — . Ban ©: ws MT. 

. Corollary. If all theſe pins be once Wee 
to the hour and minute when any of them 
come to either of the Tangents of Juicer, 

] or 


| Z 
i 
33 
zF 
_ - 


[ 
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| for Occultations; or to its greateſt" diſtance 


from the center for Utmoſt Elongationt; or to 
the place of their mutual meetings, for their 
Conjunctions, as already directed; and the in- 


tervals of time for ſuch remanile be noted; 


you will have the ſituation of all theſe Planets 
at the times of ſuch Occultation, Utmoſt Elon- 
gation, or Conjunction. And if the , or , 


or a of ſuch removals be-imitated on ſuch 2 


Paper of Configurations, the paper will then 
repreſent, * in ane the fame ficuarions 


| alſo. 


VN. B. 1 bave noted in my W of theſe 


Configurations; not only thoſe Eclipſes that are 
any where viſible, with the true place, at 6 2 


clock, but the preſent direction of each Planet, 8 
at that time, by a very ſmall line, imitating the 


point of an arrow, drawn from the very ſmall 


ircle that ſtands for ſuch a Planet. This is a 
circumſtance of no ſmall advantage, tho com- 
monly omitted in the like r of their 


Eclipſes hitherto. 


N. B. I need not here ada my Aſians: 
mien Readers, that when that ſmall line points 
eaſtward, the Planet thereby repreſented, and 


denominated by its number 1, 2, 3, and 4, is 


beyond Jupiter; and when it points weſtward, 


it is on this (fide of him. Nor need 1 inform . 


him that mbſt of thoſe Teleſcopes, by which 5 


we view theſe Planets, contradict my own, and 
nature's repreſentation, ' by inverting all their 
_— ; * rere 1 is en on 2 Ho; 
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hand of Jupiter, as on his right: and 
ry is beneath the center of — as above 
it and vice verſa. But all Obſervers of the 
Heavens by Teleſcopes are ſo perpetually uſed 
to this inverſion, and make ſuch conſtant al- 
lowance for ir, that I need add no more about 


it in this # org 8 wig 


7 0 fd the Longitide of a '$hip at Sea, by 
_ of the Ecliples, Occultations, or 6 0 
© ons of Jupiter's Planets, obſerved there. 


=To ſolve this GRAND PROBLEM, which is 
the main deſign of the former Lemmata and 
Problemata, let ſome ſkilful Obſerver, who has 
a ſharp eye and dextrous hands, take either the 
refracting or reflecting Teleſcope, already de- 
ſcribed, and obſerve by one of them, either an 
Eclipſe,or Occultation;or Conjunction, (which will 
almoſt always be one of thoſe noted in my 


Scheme of Configurations, and whoſe time, in 


all Meridians, may be near enough gueſs d at by 
the Scheme, to forewarn Obſervers to expect 
them:) And let this be done with all poſſible ac- 
curacy. At the very ſame moment of time, as 
near as poſſible, let ſome other like Obſerver take, 
by Mr. Barſton's Quadrant, or otherwiſe, the 
altitude of ſome one of thoſe 14 bright Stars | 
noted in the Table under Lemma XXXIV 
foregoing. Then, by the Rules to be ſet down 
preſently, find the hour and minute at the” 
Ship, and this alſo to the greateſt nicety poſ- 


fible: Compare the hour and minute for that 
Eclipſe, 


— 


+ 


ou Juggras! 5 a 


Echp/e, Qccultation, or Conjunfion in the ſcheme | 
of. Na ooo with the bens and minue 
at the ſhip the. difference: bet tween that time 
in the ring and the time by obſervation, 
gives you the difference in time between the 
meridian of Greenwich, and the meridian. of 
the Ship at the time of the obſervations; which 
difference is no other than the Longitude of / 
Greenwich, to which the time of the Conſigu 
9925 is accommodated, from the n 


of the Ship, whereon the Obſervations. are 


made. And, by allowing 15 degrees to an 
hour, gives you the ſame. Longitude in degrees 
a minutes of the Equinoctial alſo... + 
N. B. If ſuch Ecligſe, or Qccultation, dt 
Conjundti tm of Jupiter 8 Planets Cannot -be- 
canveniently: ablerv'd at che very ſame time 
with the altitude of the Star, let ſome of the 
watches on ſhipboard be ſer exactly, when ſuch 
Obſervation pf the Planer' 's Eclipſe, Qccultation, 
or Conj unct im i is made, to the hour and mi- 
nute noted in the ſcheme of Configurations 
for that appearance. Thoſe watches will then, 
for an hour, or more, inform the ſeamen exactly 
enough what a clock it was at. the time of that 
Obſervation by the Meridian of Greenwich. As 
ſoon as this is done, let the ſame, or another 
ſkilful Obferver take the altitude of ſome one 
of thoſe 14. Stars, already noted „by Mr. 
Barons Quadrant, or otherwiſe : Then, by 
the rules to be ſer down preſently, let them 
find the time of the Ship from that Obſervati- 
| Ws as ecu as may be. Compare thoſe times 
| Lge] ; 
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together; I mean that at Greenwich, ee 
the watch; and that at the Ship, ſhewn b 
calculation from the Star's altitude, n bythe 
exaRly' at. the taking of that altitude. Abe 
difference of thoſe times is the Longitudt of the 
p. from Greenwich af that time. And Note, 
that the /ater hours and minutes ſhew meridi- 
ans more caferly, and the earlier more weſterly, 
than the meridian of Greenwich, + 

Now the Calcolation of the time of the Ship 
from the Star's altitude is to be thus made, 
Let us ſuppoſe that the britzht Star in the 
right ſhoulder of Orion was obſerved 2 * 
314, 1737. in the evening, on r 
the Latitude of $6? — 4% be not far off 
the caſt point of the - compaſs, and juſt 12 
high above the Horizons! Nay — this at the very 
292.9 219175) lame tithe chat a Con 


8 Ae wy u. ion of upiter's 
Fl. e Land VP anet was 
10 6 2 Tees alle ie in regu. 
2410 red to ſind che time 
E at the Sbip at that 
A — The re- 
250 fraction by the air at 
24 che altitude of 12% 
3911 from Sir Iſaac New- | 
800 tons Table already 
4 ſet don under Lem 

IS; oF ma XXXIIL For ego- | 
85180 ing is 4. 8 which 
— is to * ee | 


14191193 | alciuale- 


tb Juri * laura. 9 
altitude of 12. The remainder is 11 1 
and is the real altitude of 5 Star at 45 — 
of its Obſervation, Now i in order to diſcover 
the true or common time at the Ship from 
theſe data, we muſt reſolve the ſoregoing oblique 
angled ſpherical Triangle, whole three ſides are 
given, I mean the diſtance between the Pole of 
the World and the vertex or zenith; which is 
I to the complement of the Latitude = 
34, the complement of the Star's north De- 

e from the Equinoctial = 82 39 15, 

and the Star's diſtance from the vertex or 2 
nith; which — 2 72 to the c 

altitude 5” by which the Angle 278 

which the 5 * with the meridian, is to 
be diſcovered, This requires the f 
proceſs, Noting withal, that it ap rs-by the 
proper Tables, er the Sun's Ris t Aſcenſion 
was, at 6 in the evening, the Jaſt day of De- 
cember, in time 19% 235 and the Star's Right 
Aſcenſion, by the Table under che XXXIVI 
Lemma foregoing in time 3 1. 5 
Let P nay, North Pole: and Z the Vertex, 
or Zenith of the Ship: and 8 the place of the 
Star, when its altitude was obſerved. Where 
Zs is the baſe, and ZP and PS the ſides, inclu- 
ding the FS ſou he. The 9 wa ASE, 


thus: 15s BOX 
## 6:2 » Ag ab; * 5 33 "ff < 3 
Zs the baſe 3 goo Df , 
PSafide ...... = 82..39 15, = Log, Sine 9.99642 
PZ the other fide = 34 o _©o = Log. Se 997475 
3 e 3 75 


3 194. 43 26 1 
The half. Sum . ls v5 


(Its ſuppleinent 82 38 70 Log, Sie = e 

beach, | Jacky 12 8117 95 

and | 19 * TS 44 . — | 903 
120 55 N doubled "= 

7 of the) laſt three numbers xk | 

Remainderj or. difference of. the fe rn er St 

Half that remainder: Gs 


Ba E590 dV eee ws; b 
Its double is Z PS 9 1 le TY 
Whieh intime corref] 1. 
The Starz Right Aſcenſion ws 3 in time 
Add ts it: 24 hours, the Sum is, ini fe 


Take out o Nie the. dung Bight Ae e 9 19. ; 27 
From ieh ſubſtract che time, 2 — 8 bg 338 

tothe angle low und ., . PD . "Nik 
The equine the tone ann hs Ship, FO 
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hich. ch \ is, in the laſt place to be e ſubſ 
from. va tin e at Gr 7 x. c 
eme of Cut ara Ions Kin I | 


3...Y ; il. 3 
Di Ence or Remainder 1 ; 95 


e than t Seite c EE i, 


' © Gretmwied in "ins; PLL 4 i * 1 1 


W 80 f > | 
| 9 You are | only then « te 9 ad por N | 


che” Stars 


whole circle,” tc oh A 
W en it is le] er than th © of th the Sy Un. 
member that” gr 1 > of Ar 8 12 15 
the Weñ point © 

ris — add the — ry & Stars Right 
Aſcenſions together, in order to gain the time 
8 As alſo it muſt — W 55 


8 PF. x Wo 20 — * 3 
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mon time, KA LAI 8 
Bur becau 155 Prob Ie * 6 Foe 11 
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tiical elif; tion: chat 1 its FOE ok 15 


former calculation n be Confirm d, 
boch of them e Ralf N Fo 
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have omitted them there intirel And indeed, 
they being of no particular os to any but to 
ſome few curious Aſtronomical Obſerver, who 
| 3 furniſhed with very long Teleſcopes, and, 
ood Micrometers, and this at a and 
for a little time only; ic was no way neceſſary, 
to inſert them. As for the 24 $0Y 2s, they are 
to be all noted there. the fel are 
from my own calculations: a 4p almoſt al- 


ways very nearly agree with Mr. rauer“ 4 


far as I have tried them b bt Mr. Pound 
bles; but corrected, as alr 
calculations of the II and HI 


7 plain d. The | 
are taken from 


Mr. Huſſon's Catalogue of them, lately p ubliſh- 


ed in our Philoſophical Tranſlations Fr this 
year. The Con reed of thoſe Planets are 
alſonoted: all thoſe I mean that are not beyond 


the Scale-of my Lon itude Sector, nor very re- 5 


mote from 27 po upiter: The reſt are very few, ank 


of little ſe for the Aicovery of the. Longi- 


tude. And this indeed, is, I chink, the very - 
- firſt time chat ever thoſe Conjun#ions have 
been foretold by Aſtronomers. - And as for. = 
of my Scheme of of Configurations would admits 
I mean, I have ſer down he, times of all the 


his fide, 405 Ls 


the Occultati ons, I have done y 


Geocentrick Conjunt#10ns, on 
which is the "middle time . cen 
met flons and Einerfions, which are alone vi 


and which, upon the SubſtraQion, and 
tion of thelr's 


5 


8 


enn duratiomi, 3 as Lad under er the Fr 


| 


there always noted alſo, » 2 like 
and additions of Srmidurations, gi 


farther trouble of 
2 thes. - 
pea Horry of of the Longitude, both acLand: 


| the Seamen call ſuch a ban of y 


Sbip, is beſt of all known. 


ed the art of Navigation Nor will 


by bt Prams L 


of thoſe Occultations, . the ee _ 
— 4 


en, and Emor ons beyond Jai _— 
mer fions. and Emer lens beyond Jupiter alſo, 
mean, all this is Actually m_ ohms 
is, or Scheme # Configurations, without 
culation on ſhipboard 
— Which Ephemeris therefore, 1 


in order 10 facilitate 


277 75, Vier Nee 
Quadrant in the diſcovery of the Longitude, 
bur when che horizon is 40 hazy, or has whas 


83 


N ee 
by choſe tiſings or 
ſettings : which an eee 
rizon, or at go“ from che Zenich (all owing. 
re tet þ quien he fore. f 
or the like tri lations⸗ 
e 
it be im- 
40 uſs the Loagicude or odher Tlalaopes = 


ln eaſes: ſince thole / r 
ford a view of thoſe rid and neee 


and. more nicely than w N 


ders them from ſeein -_ 
either riſe. or ſet. 


; wy . s ee 3 Oplervat 


19 Tir lenor dene, 


e N * "ow ha 1 *&% Ae, in LL 35 + * 4 313 - 
eee ie e, 0 
Ti i "Y Mott dh 6 0 a th x 
bee "Webs in AK N. mY 
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o che Moon to any fied Stat in Dr: Hal: 
Lucia i or bene their , ee, ＋.4— f 

Moon in tlie matmer following 
the ab pins, at rhe/placek "this 
Sodiacl, as they were each day, at porn in 
chie-Kferidian of -Greempich; cakdo froth Mr. 
Parker's or Mr;Weaver's: 'Epbameris.« Nor 
whhr tice: che viobn's cencer; will arrive ar che 
Scar you, integd td obferes, fippoſh nene 
bad hoe aratlix; | 
diſtante:ef ti Stir from the Noow foregvitiyy 
_— —— ——— cw wh 
from noc to . a. 
ccni to che 
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